Abstract. Systemic inflammatory responses (SIRs) can help predict survival in various cancers. The present study investigated the accuracy of neutrophil to lymphocyte ratio (NLR), platelet to lymphocyte ratio (PLR) and prognostic nutritional index (PNI) in predicting survival for patients with recurrent cervical cancer. A retrospective review of prognoses examined the associations among NLR, PLR, and PNI, and clinical characteristics and survival in 79 patients with recurrent cervical cancer after undergoing concurrent chemoradiation therapy (CCRT) or radical hysterectomies with or without CCRT. The Mann-Whitney U-test was used for statistical analyses. In addition, 12-month, 24-month and overall survival were analyzed by the Kaplan-Meier method. Cox's proportional hazard regression was used for univariate and multivariate analyses. Median survival was 15.0 months over follow-up periods of 2-93 months. At the last follow-up point, 54 had succumbed to disease and 25 were alive with disease. In univariate analysis, NLR, PLR and PNI were significantly associated with 12-month, 24 month and overall survival (12 months: P=0.021, P=0.001 and P<0.001; 24 months: P=0.020, P=0.008 and P<0.001; overall; P=0.032, P=0.032 and P<0.001, respectively). In multivariate analyses, PNI was an independent prognostic factor for 12-month, 24-month and overall survival (P=0.001, P=0.001 and P<0.001, respectively). PNI is a useful predictor of survival of recurrent cervical cancer.
Introduction
Recurrence rates for cervical cancer are 11-22% in FIGO stage IB-IIA and 28-64% in FIGO stage IIB-IVA (1). Treatment for patients who suffer recurrent cervical cancer is designed to offer the patient and her family medical, emotional, and spiritual care near the end of life. Predicting these patients' life expectancy is thus important for clinicians and patients. Realistic survival estimates help clinicians decide on appropriate medical interventions, discharge planning and timing of referral to palliative care services.
Systemic inflammatory responses (SIRs), such as relative differences in neutrophil, platelet, lymphocyte counts, and albumin, neutrophil-lymphocyte ratio (NLR), platelet-lymphocyte ratio (PLR), and prognostic nutritional index (PNI), have been shown to promote various cancer characteristics (2, 3) and to affect survival (4) (5) (6) (7) . PLR has been shown to predict prognosis in patients with recurrent cervical cancer after undergoing CCRT (8) . Although some data on survival outcomes for patients whose cervical cancers recur after undergoing CCRT has been published (8) , patients treated only with surgery or surgery plus adjuvant treatment have not been sufficiently investigated. In this study, we investigated the correlation between inflammatory markers (NLR, PLR and PNI) of patients with recurrent cervical cancers.
Patients and methods
Patients. The study population consisted of 79 patients whose cervical cancer recurred after undergoing concurrent chemoradiation therapy (CCRT), or radical hysterectomy with or without CCRT in the Department of Obstetrics and Gynecology of our hospital between April 2004 and December 2015. A total of 79 women underwent positron emission tomography/computed tomography (PET/CT) or CT within the 2 weeks prior to any oncologic treatment. The images were evaluated by 2 diagnostic radiology physicians informed about the clinical data of the patient at the time of the scan.
The study protocol was approved by our hospital's institutional review board [Systemic inflammatory responses were examined prognostic predictor of survival in patients with recurrent cervical cancer (Number: 1605-514)]. Informed consent was obtained from all patients.
Laboratory analysis. Differential white blood cell (WBC) counts and albumin levels were measured within 1 week before their treatments; WBC, neutrophil, lymphocyte, and platelet counts were measured in automated blood cell counters (Bayer HealthCare, Diagnostics Division, Tarrytown, NY, USA). Levels of serum albumin were measured by latex nephelometry (LT Auto Wako, Osaka, Japan). NLR was defined as the absolute neutrophil count (µl) divided by the absolute lymphocyte count (µl); PLR was defined as the absolute platelet count (µl) divided by the lymphocyte count (µl). PNI was calculated as described previously (9); briefly, PNI=[10x albumin (g/dl)]+[0.005x total lymphocyte count (µl)].
Treatment. Patients with recurrent cervical cancer had several possible treatments. In general, radiotherapy is the main option for patients with pelvic recurrence, or with solitary localized recurrence outside the radiation field, after previous radiotherapy. Chemotherapy is the main option for patients with recurrence within the radiation field, or metastases to multiple organs, following previous radiotherapy. Conventional TC was also administered as second-line chemotherapy to patients that developed evidence of clinical or radiographic relapse within the 6 months subsequent to completing adjuvant and/or neo-adjuvant chemotherapy. Chemotherapy for the treatment of recurrent disease was continued until complete response (CR) or progressive disease (PD) was identified. Patients with PD received regimens of chemotherapy that were different from the adjuvant and second-line combinations. We used second-line chemotherapy, as weekly TC-paclitaxel; 80 mg/m 2 and carboplatin (area under the plasma-concentration curve [AUC]: 2). Third-line chemotherapy consisted of single-agent irinotecan (CPT-11; 70 mg/m 2 weekly for 3 weeks followed by 1 week off); fourth-line chemotherapy was single-agent gemcitabine (GEM; 700 mg/m 2 weekly for 3 weeks followed by 1 week off). Surgery was considered for solitary distant metastases or local recurrences. Palliative treatment was considered in some cases after comprehensive assessment of the effectiveness of radiotherapy and/or chemotherapy, patients' performance status, and degree of cancer spread. We evaluated 13 patients treated with surgery, 14 with radiation, 48 with chemotherapy, and 4 with palliative care. Patients had follow-up examinations approximately every 1-2 months.
Statistical analysis. Statistical analyses used the Mann-Whitney U-test for comparisons with controls (10) . Receiver operating characteristic (ROC) curves were generated for pre-treatment NLR, PLR, and PNI to determine cut-off values that predicted 12-month, 24-months and overall survival that yielded optimal sensitivity and specificity; patients were then grouped by these cut-off values. 12-months, 24-months and overall survival of the groups were analyzed using the Kaplan-Meier method (11) . We performed univariate and multivariate analyses using Cox's proportional hazards model to determine which factors predicted 12-months, 24-months and OS after adjusting for effects of known prognostic factors (12, 13) . Analyses were performed using SPSS Software, version 20.0 (SPSS Inc., Chicago, IL, USA). P<0.05 was considered significant.
Results
Patients' ages, histology, treatment-free interval, number of metastases, distant metastasis and treatment are listed in Patients with recurrent cervical cancer had median OS of 15.0 months over follow-up periods of 2-93 months. At the last follow-up point, 54 had died of their disease, and 25 were alive with disease. The time between diagnosis and mortality was ≤6 months in 9 patients (16.7%), 7-12 months in 12 patients (22.2%), 13-18 months in 16 patients (29.7%), 19-24 months in 7 patients (13.0%), 19-24 months in 5 patients (9.2%), and ≥31 months in 5 patients (9.2%; Fig. 1A) .
We used receiver operating characteristic (ROC) curve analyses to determine optimal cut-off values of NLR, PLR, and PNI to predict 12-month, 24-month and overall survival. (Fig. 1B) . When patients were classified into those above and below each cut-off value for 12 months, 24 months and overall survival, Kaplan-Meyer curves of survival show patients with high NLR and PLR were significantly shorter than rates of patients with low NLR and PLR (12 months survival; P<0.001 and P<0.001, 24 months survival; P=0.015 and P=0.005, overall survival; P=0.027 and P=0.027, respectively). The Kaplan-Meier curves showed that patients with low PNI were shorter than for patients with high PNI (12 months survival; P<0.001, 24 months survival; P<0.001, overall survival; P<0.001, respectively) (Fig. 2) .
Correlations between clinical factors and 12-month, 24-month and overall survival were assessed in univariate and multivariate analyses (Table III) . Treatment-free interval (P= 0.036), treatment type (P= 0.015), NLR (P= 0.001), PLR (P= 0.001) and PNI (P<0.001) were significantly associated with 12-month survival in univariate analyses; treatment-free interval (P=0.012) and PNI (P=0.001) were independent predictors of 12-month survival in multivariate analyses.
Treatment-free interval (P=0.001), multiple metastases (P=0.007), treatment type (P<0.001), NLR (P=0.020), PLR (P= 0.008) and PNI (P<0.001) were significantly associated with 24-month survival in univariate analyses; treatment-free interval (P=0.005), treatment type (P=0.008) and PNI (P=0.001) were independent predictors of 24-month survival in multivariate analyses.
Treatment-free interval (P=0.001), multiple metastases (P=0.001), treatment type (P<0.001), NLR (P=0.032), PLR (P= 0.032) and PNI (P<0.001) were significantly associated with overall survival in univariate analyses; treatment-free interval (P=0.004), treatment type (P<0.001) and PNI (P<0.001) were independent predictors of overall survival in multivariate analyses.
Discussion
Among patients with recurrent cancer, prognosis is based on different criteria for those with advanced disease than for those with earlier-stage disease, in whom prognosis depends mainly on the primary site and histology. However, the prognostic values of SIRs are still unknown for recurrence of cervical cancer. This is the first study to evaluate whether NLR, PLR and PNI are predictors of survival for patients whose cervical cancer has recurred after undergoing treatment.
SIRs have been examined as possible predictors of prognosis in various types of cancer. Neutrophils release inflammatory cytokines, leukocyte chemotactic factors and other phagocytic mediators that can damage cellular DNA, inhibit apoptosis and promote angiogenesis (14) (15) (16) (17) . Platelets can release potent mitogens or adhesive glycoprotein, such as platelet-derived growth factor, transforming growth factor-β, and vascular endothelial growth factor (18) (19) (20) . Albumin levels decrease with increased levels of pro-inflammatory cytokines such as IL-1, IL-6, and tumor necrosis factor, which modulate albumin production (21) . Lymphocytes can affect growth and metastasis such as CD3 + T cells and NK cells (22) . Recent evidence has shown that relative differences in neutrophil, platelet, albumin and lymphocyte counts, NLR, PLR, and PNI are systemic indicators of prognosis. The PNI is based on albumin and absolute lymphocyte count, which are measured routinely in clinical practice. It was originally derived to assess immunologic and nutritional condition of patients undergoing surgical treatment for disease of the digestive tract. Mizunuma et al reported that NLR was a significant prognostic factor for PFS and OS in patients with cervical cancer who had been treated with CCRT or RT (23) . Reportedly, PLR is an important predictor of prognosis in patients whose cervical cancers recur after undergoing CCRT (8) . The current investigation of correlations among clinicopathological parameters and NLR, PLR and PNI found NLR and PLR were significant associated with treatment type; and PNI was significantly associated with multiple metastases, hematogenous metastasis and treatment type.
This study mainly evaluated correlations between the SIR parameters, such as NLR, PLR and PNI, and survival (12 months, 24 months and overall survival) of patients whose cervical cancer recurred after undergoing CCRT or radical hysterectomy (with or without CCRT). We found that 12-month, 24-month and overall survival for patients with higher NLR and PLR were significantly shorter than for patients with lower NLR and PLR. We also found that 12-month, 24-month and overall survival for patients with lower PNI were significantly shorter than for patients with higher PNI. We not only found PNI to be an independent prognostic factor for 12-month, 24-month and overall survival in multivariate analysis, but PNI was also superior to NLR or PLR as a predictor of survival in all patient cohorts with recurrent cervical cancer.
Each patient underwent varied treatment combinations, some of which are subjected to alter the bone marrow hematopoietic function, further to affect the results of blood tests, like dosage of radiotherapy, coverage of irradiated field, numbers of chemotherapies, regimens of chemotherapies and different combination. In this study, pretreatment of SIR was also superior to during treatment as a predictor of survival with recurrent cervical cancer. Therefore, the PNI may be useful in reflecting the frailty and nutritional decline in patients with recurrent cervical cancer. Our results suggest that the PNI will provide additional value to the routine assessment of survival of patients with recurrent cervical cancer.
We acknowledge that our study has some limitations. The number of patients was relatively few, and the duration of follow-up was relatively short. Further prospective studies with more patients and longer follow-up periods would provide more definitive data to clarify the significance of our findings.
In conclusion, our results show that PNI can serve as a useful indicator of survival in patients with recurrent cervical cancer. 
